SUPPLEMENTARY NOTATION

ABSTRACT (Continue on reverse if necessary and identify by block number)
SThe escape time from the quasibound states of an asymmetrical structure consisting of a narrow well and a wide well separated by a relatively thick barrier under bias has been calculated. As expected, a monotonic decrease in the escape time from the ground state of the wide well as a function of applied voltage has been found.
However, the variation of the escape times from the ground state of the narrow well and the firstexcited state of the wide well versus applied voltage form a minimum at a common point. This is the signature of resonant tunneling when these two states almost coincide.
The escape time from the quasibound states of an asymmetrical structure consisting ')f a narrow well and a wide well separated by a relatively thick barrier under bias has been ,aiculated. As expected. a monotonic decrease in the escape time from the ground state of the wide well as a function of applied voltage has been found. However. the variation of the escape times from the ground state of the narrow well and the first-excited state of the wide well versus applied voltage form a minimum at a common point. This is the 'ignature of resonant tunneling when these two states almost coincide.
1990 PACS Nos.
-73.20.Dx. 71.50.+t. 73.60-n How long it takes for a moving particle to tunnel through a potential barrier is a problem being investigated since the discovery of alpha particles. Recently. the interest in investigating the time scale involved in the tunneling process was revived after the work ()f Tsu and Esaki.' Since then, the study of tunneling has opened a new field as far as physics and electronic devices are concerned. In the first study of the current-voltage 1,1-V) characteristic of a layered structure, a decrease in the current was observed as the dV)
potential difference increases. The explanation of this negative differential resistance (-)
came from the resonant tunneling of carriers through the double barrier and a well system nescence experiment found that the tunneling time reduces to a minimum as the strength of the applied electric field increases, after which it tends to increase as the field continues ro increase. This minimum tunneling time was found at the applied electric field strength 'or which the ground state of NW coincides with the first-excited state of WW. As the tield increases from the resonance tunneling point, these resonant states become dealigned, causing delay in the tunneling process. Such a process was verified through photocurrent measurements.4
The ;xperimental observation of Oberli et al 4 ' 5 was also verified theoretically through ;,n ensemble Monte Carlo simulation 6 7 where polar optical phonon scattering, interval-.ey scattering, impurity scattering and electron-electron scattering are included explicitly.
There have also been some attempts to calculate some time related physical properties of quantum structures, as described in Ref. 
Where M is a 2 x 2 matrix resulting from the boundary conditions (that wavefunction and > s derivative divided by the effective mass of the region be continuous across the interface) expressed ass
The subscripts on the matrices indicate the interface points, and L and R stand for the left and right of the interface. For example, the matrix of the region to the left of X 4 for a forward bias can be given as
- ( 
is the width of the state and
is a constant for a particular quasibound state. The width of the quasibound state can be found by numerically differentiating a , with respect to E. and we can in turn find the escape time
7=
of the electrons from the quasibound state.
As mentioned earlier, the potential profiles of the bottom of the conduction bands forming the narrow and wide wells separated by a barrier are showi in the Fig. 1 . For illustrative purposes, the applied field strength has been taken to be 60 kV'/crn. The effective mass of the electron in the different regions is derived by the expression'
For the set of parameters described above in the case of no bias. the three consecutive subbands of the structure have been found at 36.5. 60.8 and 148.8 meV. respectively, for the three values of the barrier widths. By looking at the localization of the eigenfunctions of these states (not shown here for brevity), one can conclude that the state at 36.5 meV is the ground state of VW, whereas the states at 60.8 and 148.8 are the ground state of NW and first-excited state of WW. respectively. The fact that the states are practically independent of the width of the barrier means. in the case of no bias. that the wells keep almost their own identity. This also implies that the two wells are very loosely coupled.
Our result is in agreement with that of Ricco and Azbel 12 quoted by Oberli et al. 4 WVe would like to mention here once again that our zero of energy is at the origin of the spatial ,timension.
In the case of a field of 60 kV/cm. there are three states situated at 4. In conclusion, we have presented a simple method to calculate the width of and.
lence. escape time from a quasibound state. The method involves the exact wave functions for the quantum-well structure under an external electric field, except for the numerical dlifferentiation of the square of the amplitude of the wavefunction with respect to energy.
We have calculated the escape times from the quasibound states of an asymmetric structure consisting of a narrow well and a wide well separated by a relatively thick barrier under
b6ias. An expected monotonic decrease in escape time from the ground state of the wide weil is found as a function of the applied voltage. The escape times from the ground state of the narrow well and from the excited state of the wide well versus applied voltage form a minimum at a common point, which has been called the resonance point. At this point the two states are in resonance. and hence the existence of the barrier separating the two states seems to have disappeared. The electrons sees the whole structure instead of either well alone, and the broader localization causes the delay in the escape.
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